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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin-film 
magnetic head having high sensitivity and stable 
reproducing performance, by supplying stable longitudinal 
bias and to provide a method for manufacturing the thin- 
film magnetic head, in a reproducing head having a 
narrower gap length for the purpose of reproducing a 
recorded signal of a short wavelength accompanying 
making of higher recording density. 
SOLUTION: A connection magnetic field at a part 
connected with a part having a large film thickness of a 
bias antiferromagnetic film of a free magnetic layer can 
be strengthened and a connection magnetic field at a ;] 
part connected with a part having thin-film thickness of 
the bias antiferromagnetic film of the free magnetic layer 
can be weakened by forming the bias antiferromagnetic 
film having a stepped part by the difference of film 
thickness on the free magnetic layer formed at the 
highest part of the magneto resistive element. Thereby, 
Barkhausen noise can be stably suppressed regardless 
of the gap length and reproducing sensitivity can be enhanced 
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* NOTICES * 

3.1n the drawmgs. any words are not translated. 




^*o^ n ? ad which consists of a vertical bias ,ayer which has^ 

aforementioned magnetoresistance-effect dement hi. 6 mater,al - and wa s prepared in contact with the 
characterized by providing the foHow!n and an etec^ode^H ? / Shie,d layers and U P shield layers which are 
magnetoresistance-effect element which cons"ste of^ n ^ passing the signal current. The 

The thin film magnetic head according to claim 1 whLk ^- J . m Follow 'ng (below OOOe ) 
[Cla,m 3] The manufacture method I o F ie tCfi m m»l ^If a , nd is ch ^acterized by a certain thin* 

im> ss „hic„ oenies out l^^fctSS^ l» ^n, *• The let 

nor^msnetio | wr ^, „,„ ^ n,!g^ 0 Sl r ZT bv^,! " «"««™"»«noti»n layer. . fixed maB n.fe b„r » 
W nuton. ky*. So that the aforS.nhZd free meZiic bvtT 3 r?'" >r " ist * nc «- eff « l Sm!l« oTilow r 
S^.'f"'"*? slemm ' ™' "° cover.rA^reiSffi™rJ'jI c ?*»? ul,s •'""mentioned 
ISTISSS™!?!*" "!* upper surf ~ B ° f *• to «3K£SS£5TJ».^! T ■" sf «"-»»>a.neti !m film - 

.-J. •-^noe-x«T.rr m d ,*r.Tor , d^ x at 0 " Tr *• 
IHSHrSeai^ 



SST^ £ZlfSmr+ ™* be — d - deleUng the resist 

be SOme bias antiferroma^etism filml [ atT eas t tftT-J S ° a " e !? ctrode ,ead ,a * er ™mb™ e may ■ 

method of the thin film magnetic head given in 3J,6r tfiSdliS i! abo ™ Ut ™y be exposed The manufacture 

2ST ^^^^ above jat after deleting the resist formed 

fiLTZ*? ^ in either ^ «*«" * characteriS^J having ~ ma .™ factl "e method of *• «*« 

rC^m?nTr e h Ctr ° de ' t ead ' ayer ° f a right-and-left couple or ^ e claim 7 6 ^ Pr ° CeSS wh,ch forms a *VPe resist and 

^^•S^^^fetL^ WtrS" t0 ~» 3 * 9 "~- * Having 
electrode .ead layer of the right-andHeft couple faH^tta j£2iS- ' ""^ ° f the ^mentioned * 

cS ffift^ and * a afo — entioned bias aX™^ fi|m -hich has 

LOiaim I I J The manufacture method of the thin film u j I. exposecJ ma y be covered 

process which carries out laminating membrane -SSE of^?*™**™? by providin « foll °wing. The 1 st 
non-magnetic layer, and the free magnetic MrS one and I fo™ r^: 8 " 1 ,ayar - 3 fixed magnetic layer, a 
gap .nsulatmg layer. A type resist is formed tie aforementioned m agnetoresistance-effect element on a lower 

bjas antrferromagnetism film - forming membranes $£Z -tl^ ^ t0p ~ a wra P ~ ,ik « ~ the 1st 

aforement.oned after forming a cap layer likT-- a mushroom -T^ P «~ 3 Wrap ~~ tne ca P ^yer top 
and membrane formation formation of ti^e 2nd bias antSe^m^nff e ^ * ° f af ^mentioned cap layer at least 
rt so ^ the bias a ^ ferromagnetjsm • J d £ «s «rb ferr ^f^fi'"» / a nght-an«Heft couple is can-ied out on 
anbferromagnetism film of the above 1 st which touched thl *W m expo ed ,' The , u PP er s "rface of the bias 
surface of the bias antiferromagnetism film* ft* abovt 2nd is "ZKES T^T Th J ' St flat surface - The "PPer 
port.cn of the 1 st flat surface of the above is the thickness o^ Z f ° 2 " d flat Surface ' and the thickness of fte 
2nd process which forms the bias antiferromagnetism fZ ^ihlt t a^f e rromagnetism film of the above 1st The 
of the above is the sum of the thickness of^ThilTl Ch wh ° Se *•*«•»■ of the portion of the 2nd ftatLrfcl. 

them The 3rd process which carries out membrane rhnSi» fn™5 r * ^' C> ! haS a t"^" 688 difference among 
Km 1°2 n nh b ' aS r^^etism film SETSITSS" nt,at '° n ° f e,<SCtrpde ,ead ,a * er ° f a right-and-left 

^cUL^ltl^ '■ ayer ° f 3 right-and-left couple P ° CeSS Wh,Ch ° ameS ° ut ™"°rane formation formS of 



(Claim ni 7ft j , ngnt-ana-iett couple .urmauon rorma 
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* NOTICES * 

Hf»f2« Patent 2 f J ice L is not responsible for any 
damages caused by the use of this translation 

i^t^^ may not reflect the original precisely. 

3.1n the drawings, any words are not translated. 



DETAILED DESCR IPTION 

[Detailed Description of the Invention] 
[0001] 



r2o^^ ^ S d inVent r iS 3PP,ied tC the -hich performs high-density 

magnetic field Especially stabbed n tZ^^^lfJ?*"** disk .«* < HD P equipment), gives the bias 
f^etoresistance-effecttype^ 

maS^ magnetic-recording media, such as a 

3 — « "* =ShTre d S.^o^ 

Kt^^ A.N or Si02 grade is used on the lower 

system alloy magnetic film, the lowfr gap Sating fa ver 212 £ SSh ' ^ t^" 1 amorphous magnetic film, or Fe 
(MR element or GMR element) to ^SS^S£^^ ^^^ V 3 ^^P^^tance-effect element 
called GMR element is carried out hereafter and the Z+&aft T t,ng , n ?« mb ^ ne formation formation of the 213 
edge of the GMR element 213 Sn mateX.? sucht *£g 'Jm" Furthe^' 3 ^ "^-and-left both-sides 

upper surface and the both-sides side of the GMR element^ 2 13 £ ™£ • * r,d 8 e,,ne which ■» a "odal line of the 

used for the upper surface of the vertical biL laver 2U 2nH \L . * ^ * ou ° h , ed - material, such as Cu, Cr. or Ta. is 
formed. Here, as the upper surfac of tte v^ffi tti^^'T 2 '! ° f 3 right-and-left couple is 
are started, you may form the electrode lead later 205 n!* IL PP f ? Ur1 ? Ce ° f a part of GMR element 213 

which the electrode lead layer 215 and the GMR element 2 r3 ?^f P ,nSU at,n * ,a y er 2,6 « f «rmed on the portion 

insulating byer 212 0 ^th^^r surface o^ up 3m SXifftt? 0 38 the ,ower « ap 

through the record gap layer 221. C membran , fon^alfon fo^ti^"^^ 0 ™' UP Shie,d layer 217 is countered 
with the up shield layer 217 is carried o™S e Jf^S^S^^ 1 ° • S .u P ma 8 net,c P° le 222 which is in contact 
217. the portion which the up magnetic "pole 222 has countered ° ther P° rt i on f Between the up shield layer 

contact with the up shield layer 2V 7. ihroul the recort ^Tat^M?™^." t0 ,^'o Ch the Up magnetic P°'e 222 is in 
layer 217 and the up magnetic Dole 222 thrn,,l JZL ■ ,ayer 221 ,Jhe co.l coil 223 insulated from the up shield 

thin film magnetic-head IS ' S and the induction^ 

combines the shield function of the magneto^resistenc«-^ d t ^ r Sh ' eld ,ayer 2,7 has ^ticn which 

'jxr* - «*» — »"™°^ for 

upp r surface of the lower shield laver ? 1 1 Thi * ?• 6 lower gap |nsu, atmg layer 2 1 2 formed by the 
such as a FeMn systemic fi°m and a RMh system S^BEZSE ^ ^ ^ a "° y which ara materi al. 
mad from the non-magn tic layer 228™fftt ( . fitt Laminating membrane formation of the cap layer 228 
alloy film. etc.. Cu. etc.. the n£dZ£rt£tJL 22?-nd £.7-^ ° P ^ fr ° m a Policy. Co. a FeCo 
etc. is carried out one by one I nihil d off c„ *h=* 2 Tu^Vf ^''227 made into the same mat rial Ta 

inclin d^^MvtJU^^I^J^^^^. * a f ^ her t e *»» right-and-left both-sides edge- 
end face of the GMR element If 3 is touched hS. vel^l S£ I ' s ^ mied - Th « right-and-left both-sides 
el ctr de lead layer 215 of a fi^Sfht^^^^ *lt °* 3 n « ht - andHeft co "P'« » fern. d. and the 
216 is form d. th up shield layer 217 is furtS formed Z l and tr^TT ' °2f UP gap insulatin S layer 
repr duction is constituted. In order to r produce STe record signa^ofTh^h ^^V"" u ffeCt type fi,m head for 
recording d nsity in r cent years, the «J&£ti-S£S& 229 IS t^^^ 0 ^ * 3 "** 
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Ko?^ section of the tH in film magnetjc nearf of 

rr^rtnr^ 

tongue of an up shield layer. Are SUE? of eac ^to£«^. oSf T er , shield ,a V- to the inferior Lrface of 
vertical bias layer of the right-and-left couole which m^inlfh a «. element 11 a 1 nd «n up gap insulating layer, and the 
will approach a lower shieldlayer or an u^h'-Sala mZ^^*™* T*l !P both sides ° f 3 GMR element 
easy to escape in a lower shield layer or a u shield iayerTn^^TZt f Vertical bias ,ayer bec °™* 

the vertical bias layer of a GMR element In order or a bias magnetfc F^fhLn™ ^ free magnetic ,ayer near 
section of a free magnetic layer (a part for the center section If Se £2Sf!ST" "^V" 3 part for center 
the direction of magnetization of a free magnetic Ia7ar t^^«™. J ! f ? ^ e W,dth of recor °ing track), and for 
which the noise increased and was XbSKdK Jo^-SE^mE*^ 6, andnot to obtai " the regenerative signal 
free magnetic layer was stabilized and *SbJXS££^^ S Jf al magnetization* a 

vertical bias magnetic field was performed, sensitivity feTan Uhe dir^i™ ?,f **!? ° Ure wh ' ch lengthens a 

f^Ss^^ of a fixed magnetic ,ayer 

magnetic layer by the jointm^Sicle^ ^^d^'SL^SSlES, 4 ;-' ^ Z tabiH " d " frea 

from which the thickness formed on the free ma^etTc lave o ■ Sr" T et,s , r ".^ m wh,ch has the level difference 
^ direction of magnetization of a free magnetic^ stabilizes 
gngthe good magnetoresistance-effect type A ^S^S ttZtt**, 

pSiS^SSS it*?? oS^^=ef^ e I' 1 " fi T rf etiC head * «* -^n has the 

layer, a fixed magnetic layer, a nonmwetic^u^E?-?.?^? 't" 16 "* Wh, ° h COnsists of an antiferromagnetism 
film which has the 1st flat surface wf* the 1eve?l «SSLSr£S lEa^TS* ^ "? ?. bi3S a « a ^ 
moreover, joint magnetic field by antiferromagnetism comblna*™ n h ^ knesa . d,ffe ': e '? ce . and the 2nd flat s "rface. 
contact with the portion of the bias antih^^^X^^^f!^ free ma e" et ic layer which is in 

1 st flat surface with — "-S2T.? ttlWe&WS EP=^„S^^ 

On the other l-^KSih^ magnetization direction to very strongly is applied 

possible [ controlling by thickness oTthe antiferllZSetism film or^h ' t ° rf SUppres I s a Barkhausen noise It becomes 
magnetic field for a portion (width-of-record in^Too^n ^ ^lll ^1°" 3 to app,y the ODtimal b ™ " 

magnate field, since reproduction sensitivity wVfalNf a S^anf^^ %V layer) " ot to apply a not much strong 
ayer which is in contact with the antiferromagnetism ^ film of?h« *!u ,S , a 2 p ''. ed 4,134 is - to the free magnetic 

loint magnetic field by strong antiferrwZ^netkm !SJ * POrt '° n ° f tne 2nd bi S fl at surface of thickness The 
becomes what was stabilized 6 Z£%SZ^^ ° f *• magnetize"™ 

of the portion of the free magnetic layer which is in contac S thV^f by antiferromagnetism combination 

small flat surface of thickness is small Become easy to be suSle in XfXZT*™?™ fi,mof ^ Portion of the 1st 
magnetic layer which was stabilized and is in contact wit* M- iV direction of magnetization of the free 
surface of thickness, and the direction o the sa^^metotio? MT ,magn8t '- Sm ° f P ° rti ° n of *« big flat 
magnetic field of the portion of the free magneti™ayer which S, ^Z^TS- antiferroma e" etism *** 
portion of the 1st small flat surface of thiotaess is Jll rI th! ♦° nta , Ct W,th the a "tiferromagnetism film of the 
magnetic-recording medium, the rfnSSh magne ization becomTJ ^ *e ™&etic field from a 

of a Barkhausen noise, reproduction sensitivitv caTh? t rfrih «w becom " s ? asy to change, there can be little generating 
there is no influence which is n^^^^^^e^^l^^^ ^ Can be stabilized, moreover, sinle 
on a fixed magnetic layer in order to apply a , bias i maSnatiffi'.S ll It the same effect, and this bias magnetic field has 
film and the inclination of magnetization 'of tine 4Sn^eSo faSrtv i 0 '"* W ' th a " a "tiferromagnetism 

symmetric property of an outout wave is *tmnr*«*!?Ju 1 ?. y rt ,s not P rodu ced. either, degradation of the 

film of the portion of the firsffSt surface TSFS^'v^**^^™^ of the antiferromag^etisn, 
magnete layer can be stabilized and given tc >Z TJeng^ of t iZZfuA/ ^JF ant,ferro '"agnetism film and a free 
can be aimed at * e stren gth of 8 or less kA/m, and improvement in reproducibility ability 

ffissrx ^czzi™?^^ TJ?n™*T ic h r of , this s ° ** *. ^ 

non-magnetic layer, and the free n^^^^ e a l'S^Z^ enpt ' Sm ^ 3 fixed ma 8 n «tic layer, a 
gap insulating layer, and a magnetor^stnce-effec? element too ma7b2 ™***rg**™™fft* element on a lower 
antiferromagnetism film with the level difference ^Wch con^i J!nf V bacover ? d J he 2nd process which forms a bias 
part of bias antiferromagnetism layer m^embrane andtasX % P °^° n ^ Sma " which deletes a 

layer membrane, and a large portion ofThTtiTckness whtc^has the Pndfe 6 ^ f T ing 3 b '' 3S an ttferromagnetism 
membrane is deleted at least, and it has the TSrd process which ^foms thJ j A ^ ° f e,ect rode lead layer 

S0 , th + 3t fl 3 . b,3S , 3ntiferronia 8 netism fi^ top may ^be^a4d an a£^%JS? r0de ,ead ,a V er of a right-and-left couple 
of 1st flat surface [ at least 1 of a bias a nt,w„„»7~ f- 'i. electrode lead layer membrane may be formed and a oart 
th «„ fi lm magne l tic head of thfs invention 6 - ^ ma'nufact"; I method of 
mushroom — it has the 3rd Droce^ wwhi^h *„ m *T • antiferromagnetism film ] flat-surfac too — a 

couple on a bias antiferro^tism mm MorTv r SXSS, c^Tetinod ofth^ ^ ° f 3 ^-and-.e ft 
.nvenbon Further with the 2nd process which forms a bi« ^ arrtX^rnTl °- . * th '° fi,m "^"tic head of this 
cov red so that a free magnetic layer top may b covered So Sa7a o^k" ia * &r ™™ b ™ so that a it top may be 
may be shaved off and it may expose, afte, ^inSn atecti^ ll^w antiferromagnetism layer membran 

membrane and ach bias antiferromagnetism T^er nenbrZn tr dlVtZ 'rT^" A P3rt of el ctr de laad ^Ver 
antiferromagnetism layer membrane which it was TdXTn I li deleted j The upper surface of the bias 
which forms the electrode lead MaTr of a , nght-anSft . W3S ^ P °-f ed r Th 1 st flat surface - ft has the 3rd process 
has a level diff rence by the thickness dlffef nc^ > tltl ™k-, °h ^ C 5 *° ^ 3S 3ntif rron »«" tism- film'wrTich 
membrane at the time of membrane formate td^rfa^ ST SSSS^! SSSnSSSft r 
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Moreover, the manufacture method of the thin film magnetic head of this invention So that the 1 st process [ which 
carries out laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, 
and the free magnetic layer one by one, and forms a magnetoresi stance-effect element on a lower gap insulating layer 
], and free magnetic layer top which constitutes a magnetoresistance-effect element may be covered A type resist is 
formed, the 1st bias antiferromagnetism film — forming membranes — the upper surface of the 1st bias 
antif rromagnetism film — a mushroom — The upper surface which carried out membrane formation formation of the 
2nd bias antiferromagnetism film of a right-and-left couple, and has exposed the 1 st bias antiferromagnetism film The 
1st flat surface, The upper surface of the 2nd bias antif rromagnetism film is made into the 2nd fiat surface, and the 
thickness of the portion of the 1 st flat surface is the thickness of the 1 st bias antiferromagnetism film. The 2nd 
process which forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is 
the sum of the thickness of the 1 st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism 
film, and has the level difference which has a thickness difference among them, On the 2nd bias antiferromagnetism 
film, it has the 3rd process which carries out membrane formation formation of the electrode lead layer of a 
right-and-left couple. Moreover, the manufacture method of the thin film magnetic head of this invention A type resist 
is formed, the aforementioned free magnetic layer top which constitutes a magnetoresistance-effect element — a wrap 
— like — the 1 st bias antiferromagnetism film — forming membranes — the upper surface of the 1 st bias 
antiferromagnetism film — a mushroom — After cleaning the upper surface of the 1st bias antiferromagnetism film, 
membrane formation formation of the 2nd bias antiferromagnetism film of a right-and-left couple is carried out The 1 st 
flat surface and the upper surface of the 2nd bias antiferromagnetism film are made into the 2nd flat surface for the 
upp r surface which has exposed the 1st bias antiferromagnetism film, and it has the 2nd process which forms a bias 
antiferromagnetism film with the level difference by the thickness difference between the 1 st flat surface and the 2nd 
flat surface. Moreover, the manufacture method of the thin film magnetic head of this invention So that the 2nd bias 
antiferromagnetism film top of the portion which the 1st bias antiferromagnetism film exposed, and a right-and-left 
couple may be covered, after deleting the resist formed at the 2nd process of the above A part of electrode lead layer 
membrane is deleted at least, and it has the 3rd process which forms the electrode lead layer of a right-and-left couple 
so that an electrode lead layer membrane may be formed and a part of 1st bias antiferromagnetism film [ at least ] may 
be exposed moreover, the 1 st flat-surface top of the 1 st [ after the manufacture method of the thin film magnetic 
head of this invention deletes the resist formed at the 2nd process ] bias antiferromagnetism film — a mushroom — it 
has the 3rd process which forms a type resist and forms the electrode lead layer of a right-and-left couple Moreover, 
the manufacture method of the thin film magnetic head of this invention has the 4th process which forms a cap layer 
so that the portion top which the 1 st flat surface of the electrode lead layer of the right-and-left couple formed on the 
bias antiferromagnetism film which has a level difference, and a bias antiferromagnetism film exposed may be covered. 
Moreover, the manufacture method of the thin film magnetic head of this invention On a lower gap insulating layer, 
laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, and the 
free magnetic layer is carried out one by one. A type resist is formed, the 1 st process which forms a 
magnetoresistance-effect element and a free magnetic layer top — a wrap - — like — the 1st bias antiferromagnetism 
film — forming membranes — further — a it top — a wrap — the cap layer top after forming a cap layer like — a 
mushroom — Shave off a part of cap layer at least and membrane formation formation of the 2nd bias 
antiferromagnetism film of a right-and-left couple is carried out oh it so that the 1st bias antiferromagnetism film may 
be xposed. The upper surface of the 1st bias antiferromagnetism film which touched the cap layer The 1st flat 
surface, The upper surface of the 2nd bias antiferromagnetism film is made into the 2nd flat surface, and the thickness 
of the portion of the 1st flat surface is the thickness of the 1st bias antiferromagnetism film. The 2nd process which 
forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is the sum of the 
thickness of the 1st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism film, and has 
the level difference which has a thickness difference among them, On the 2nd bias antiferromagnetism film, it has the 
3rd process which carries out membrane formation formation of the electrode lead layer of a right-and-left couple, 
moreover, the cap layer top after the manufacture method of the thin film magnetic head of this invention deletes the 
resist formed at the 2nd process — a mushroom — a type resist is formed and it has the 3rd process which carries 
out membrane formation formation of the electrode lead layer of a right-and-left couple Moreover, after the 
manufacture method of the thin film magnetic head of this invention deletes the resist formed at the 2nd process, it 
del tes a part of electrode lead layer membrane at least and has the 3rd process which forms the electrode lead lay r 
of a right-and-left couple so that a 2nd bias antiferromagnetism film and cap layer top may be covered, an electrode 
lead layer membrane may be formed and a part of cap layer [ at least ] may be exposed. 

[001 5] By forming the antiferromagnetism film which has a level difference by the thickness difference by this method 
on a free magnetic layer A bias magnetic field strong against a portion (portions other than the 

width-of-recordingrtrack portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise Applying the 
optimal bias magnetic field for a portion (the direction center section of the width of recording track of the free 
magnetic layer) not applying a not much strong magnetic field, since reproduction sensitivity will fall if a strong 
magnetic field is applied The magnetoresistance-effect type thin film magnetic head which can be easily controlled by 
thickness of the antiferromagnetism film of each portion is producible. That is, although the free magnetic layer which is 
in contact with the big portion of thickness on either side was combined by the joint magnetic field by very strong 
antiferromagnetism combination, the free magnetic layer is [ near the head truck section / on the other hand ] in 
contact with the small antiferromagnetism film of thickness and it is combined by the comparatively small 
antiferromagnetism joint magnetic field The direction of the magnetization will be turned to in the same direction as the 
big antiferromagnetism film of thickness, and the dir ction of the magnetization of a fre magnetic lay r which has th 
joint magnetic field by strong antiferromagnetism combination. The dir ctioh of the magnetization stabilized very much 
is obtained, and the magn toresistanc -effect type thin film head of high r producibility ability with high reproduction 
sensitivity with few noises can b produced. Furthermore, on the 1 st antif rromagnetism film with which th upper 
surface was clean d, since membrane formation formation of th 2nd antif rromagnetism film is cam d out b twe n 
the 1st antiferromagnetism film and th 2nd antif rromagnetism film, very good adh sion and a magn tic combination 
are stabilized, and are obtain d. and the magnet resistance-effect type thin film magnetic head by which th direction 
of magnetization of a free magnetic layer was stabilized very much can be produc d. Moreov r, by forming a cap layer, 
oxidization on the upper surface of an antiferromagnetism film can b prev nted, corrosion resistanc can also improv , 
and property degradation by them can produce th magnetor sistance-effect typ thin film magnetic head which was 



/ 11 



http://wv\w4jpdljpo.gojp/cgi--bin/tran.web_cgLeije 



excellent in few reproducibility ability. 
[0016] 

[Embodiments of the Invention] The vertical bias layer which invention of this invention according to claim 1 has a 
magnetore si stance-effect element through an insulating material between a lower shield layer and an up shield layer, 
and was prepared in contact with the aforementioned magnetoresistance-effect element. In the 

magnetoresistance-effect type thin film magnetic head which consists of an electrode lead layer for passing the signal 
current The magnetoresistance-effect element which consists of an antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, and a free magnetic layer, It is characterized by having the composition which consists 
of a bias antiferromagnetism film which has the 1 st flat surface with the level difference by the thickness difference, 
and the 2nd fiat surface, moreover, invention of this invention according to claim 2 joint magnetic field by 
antiferromagnetism combination of the portion of the free magnetic layer which is in contact with the portion of the 
bias antiferromagnetism film which constitutes the 1st small flat surface of thickness 8 kA/m The following (below 
lOOOe ) It is characterized by things, it is — A bias magnetic field strong against a portion (portions other than the 
width-of-recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise It becomes 
possible [ controlling by thickness of the antiferromagnetism film of each portion easily ] to apply the optimal bias 
magnetic field for a portion (the direction center section of the width of recording track of the free magnetic layer) not 
to apply a not much strong magnetic field, since reproduction sensitivity will fall if a strong magnetic field is applied, 
that is, to the free magnetic layer which is in contact with the antiferromagnetism film of the portion of the 2nd big flat 
surface of thickness The joint magnetic field by strong antiferromagnetism combination is acquired, and the direction of 
th magnetization becomes what was stabilized very much. The sake. Even if the joint magnetic field by 
antiferromagnetism combination of the portion of the free magnetic layer which is in contact with the 
antiferromagnetism film of the portion of the 1 st small flat surface of thickness is small Become easy to be suitable in 
th direction of magnetization of the free magnetic layer which was stabilized and is in contact with the 
antiferromagnetism film of the portion of the 2nd big flat surface of thickness, and the direction of the same 
magnetization. Moreover, since the antiferromagnetism joint magnetic field of the portion of the free magnetic layer 
which is in contact with the antiferromagnetism film of the portion of the 1st small flat surface of thickness is small. By 
the external magnetic field, i.e., the magnetic field from a magnetic-recording medium, the direction of the 
magnetization becomes easy to change, there can be little generating of a Barkhausen noise, reproduction sensitivity 
can be high, and reproducibility ability can be stabilized, moreover, since there is no influence which is not concerned 
with gap length, but has the same effect, and this bias magnetic field has on a fixed magnetic layer in order to apply a 
bias magnetic field by the joint magnetic field with an antiferromagnetism film and the inclination of magnetization of the 
fixed magnetic layer by it is not produced, either, degradation of the symmetric property of an output wave is 
suppressed Moreover, by choosing the thickness of the antiferromagnetism film of the portion of the first flat surface 
the optimal, the joint magnetic field of an antiferromagnetism film and a free magnetic layer can be stabilized and given 
to the strength of 8 or less kA/m, and it has the operation that improvement in reproducibility ability can be aimed at 
[0017] Moreover, invention of this invention according to claim 3 carries out laminating membrane formation of an 
antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, and the free magnetic layer one by one on a 
lower gap insulating layer. So that the 1st process which forms a magnetoresistance-effect element, and a 
magnetoresistance-effect element top may be covered The 2nd process which forms a bias antiferromagnetism film 
with the level difference which consists of a portion with the small thickness which deletes a part of bias 
antiferromagnetism layer membrane, and has the 1st fiat surface after forming a bias antiferromagnetism layer 
membrane, and a large portion of the thickness which has the 2nd flat surface, So that a bias antiferromagnetism film 
top may be covered and a part of 1st flat surface [ at least ] of a bias antiferromagnetism film may be [ an electrode 
lead layer membrane may be formed and ] exposed A part of electrode lead layer membrane is deleted at least, and it is 
characterized by having the 3rd process which forms the electrode lead layer of a right-and-left couple, moreover, 
invention of this invention according to claim 4 A type resist is formed, the 3rd process of a claim 3 — setting — a 1st 
[ of a bias antiferromagnetism film ] flat-surface top — a mushroom — It is characterized by having the 3rd process 
which forms the electrode lead layer of a right-and-left couple on a bias antiferromagnetism film, moreover, invention 
of this invention according to claim 5 In the 2nd process of a claim 3, and the 3rd process, so that a free magnetic 
layer top may be covered With the 2nd process which forms a bias antiferromagnetism layer membrane, further, so that 
a it top may be covered So that a part of bias antiferromagnetism layer membrane may be shaved off and it may 

xpose, after forming an electrode lead layer membrane A part of electrode lead layer membrane and each bias 
antif rromagnetism layer membrane are deleted. The upper surface of the bias antiferromagnetism layer membrane 
which it was deleted and was exposed The 1 st flat surface. It is characterized by having the 3rd process which forms 
th lectrode lead layer of a right-and-left couple on the 2nd [ of the bias antiferromagnetism film which has a level 
difference by the thickness difference which makes the upper surface of the bias antiferromagnetism layer membrane 
at the time of membrane formation the -2nd flat surface, and a bias antiferromagnetism film ] flat surface, again 
Inv ntion of this invention according to claim 6 carries out laminating membrane formation of an antiferromagnetism 
layer, a fixed magnetic layer, a non-magnetic layer, and the free magnetic layer one by one on a lower gap insulating 
layer. So that the 1st process [ which forms a magnetoresistance-effect element ], and free magnetic layer top which 
constitutes a magnetoresistance-effect element may be covered A type resist is formed, the 1st bias 
antif rromagnetism film — forming membranes — the upper surface of the 1st bias antiferromagnetism film — a 
mushroom — The upper surface which carried out membrane formation* formation of the 2nd bias antiferromagnetism 
film of a right-and-left couple, and has exposed the 1st bias antiferromagnetism film The 1st flat surface, The upper 
surface of the 2nd bias antiferromagn tism film is made into the 2nd flat surface, and the thickness of the portion of 
the 1 st flat surface is th thickn ss of the 1 st bias antiferromagn tism film. The 2nd process which forms th bias 
antif rromagn tism film which whose thickness of th portion of th 2nd flat surface is th sum of th thickn ss of the 
1 st bias antiferromagnetism film, and the thickn ss of the 2nd bias antif rromagnetism film, and has the level difference 
which has a thickness difference among them, It is characteriz d by having th 3rd process which carries out 
membran formation formation of the lectrode lead layer of a right-and-l ft couple on the 2nd bias antiferromagnetism 
film, mor over, invention of this inv ntion according to claim 8 So that the 2nd bias antiferromagnetism film top of the 
portion which th 1 st bias antiferromagnetism film xp sed, and a right-and-left coupl may b cover d, after deleting 
the resist form d at the 2nd process in th 3rd process of a claim 6 So that an electrode I ad layer membrane may be 
form d and a part of 1 st bias antiferromagnetism film [ at least ] may be xposed A part of lectrode I ad layer 
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membrane is deleted at least and it is characterized by having the 3rd process which forms the electrode lead layer of 
a right-andHeft couple, moreover, invention of this invention according to claim 9 A type resist is formed, the 1st 
flat-surface top of the 1st [ after deleting the resist formed at the 2nd process in the 3rd process of a claim 6 ] bias 
antiferromagnetism film — a mushroom — It is characterized by having the 3rd process which forms the electrode lead 
layer of a right-and-left couple. A bias magnetic field strong against a portion (portions other than the 
width-of^recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is applied. 
On the other hand, although a bias magnetic field must be applied in order to suppress a Barkhausen noise Applying the 
optimal bias magnetic field for a portion (the direction center section of the width of recording track of the free 
magnetic layer) not applying a not much strong magnetic field, since reproduction sensitivity will fall if a strong 
magnetic field is applied The magnetoresistance-effect type thin film magnetic head which can be easily controlled by 
thickness of the antiferromagnetism film of each portion is producible. That is. by forming the antiferromagnetism film 
which has a level difference by the thickness difference on a free magnetic layer Although the free magnetic layer 
which is in contact with the big portion of thickness on either side is combined by the joint magnetic field by very 
strong antiferromagnetism combination, and the free magnetic layer is [ near the head truck section ] in contact with 
the small antiferromagnetism film of thickness on the other hand and it is combined by the comparatively small 
antiferromagnetism joint magnetic field The direction of the magnetization will be turned to in the same direction as the 
big antiferromagnetism film of thickness, and the direction of the magnetization of a free magnetic layer which has the 
joint magnetic field by strong antiferromagnetism combination. The direction of the magnetization stabilized very much 
is obtained, and it has the operation that the magnetoresistance-effect type thin film head of high reproducibility ability 
with high reproduction sensitivity with few noises is producible. 

[0018] Moreover, invention of this invention according to claim 7 is set at the 2nd process of a claim 6. A type resist is 
formed the free magnetic layer top which constitutes a magnetoresistance-effect element — a wrap — like — the 1st 
bias antiferromagnetism film — forming membranes — the upper surface of the 1 st bias antiferromagnetism film — a 
mushroom — After cleaning the upper surface of the 1 st bias antiferromagnetism film, membrane formation formation 
of the 2nd bias antiferromagnetism film of a right-and-left couple is carried out The 1st flat surface and the upper 
surface of the 2nd bias antiferromagnetism film are made into the 2nd flat surface for the upper surface which has 
exposed the 1 st bias antiferromagnetism film. By being characterized by having the 2nd process which forms a bias 
antiferromagnetism film with the level difference by the thickness difference between the 1 st flat surface and the 2nd 
flat surface, and forming the antiferromagnetism film which has a level difference by the thickness difference on a free 
magnetic layer The direction of the magnetization stabilized very much in the free magnetic layer will be obtained, and . 
since membrane formation formation of the 2nd antiferromagnetism film is carried out on the 1 st antiferromagnetism 
film with which the upper surface was cleaned, further between the 1st antiferromagnetism film and the 2nd 
antiferromagnetism film Very good adhesion and a magnetic combination are stabilized, and are obtained, the direction 
of magnetization of a free magnetic layer becomes what was stabilized very much, and it has the operation that the 
magnetoresistance-effect type thin film head of high reproducibility ability with high reproduction sensitivity with few 
noises is producible. 

[0019] Moreover, invention of this invention according to claim 10 so that the portion top which the 1st flat surface of 
the lectrode lead layer of the right-and-left couple formed on the bias antiferromagnetism film which has a level 
difference, and a bias antiferromagnetism film exposed may be covered It is characterized by having the 4th process 
which forms a cap layer, moreover, invention of this invention according to claim 1 1 On a lower gap insulating layer, 
laminating membrane formation of an antiferromagnetism layer, a fixed magnetic layer, a non-magnetic layer, and the 
free magnetic layer is carried out one by one. A type resist is formed, the 1st process which forms a 
magnetoresistance-effect element, and a free magnetic layer top — a wrap — like — the 1st bias antiferromagnetism 
film — forming membranes — further — a it top — a wrap — the cap layer top after forming a cap layer like — a 
mushroom — Shave off a part of cap layer at least, and membrane formation formation of the 2nd bias 
antiferromagnetism film of a right-and-left couple is carried out on it so that the 1st bias antiferromagnetism film may 
be xposed. The upper surface of the 1st bias antiferromagnetism film which touched the cap layer The 1st flat 
surface, The upper surface of the 2nd bias antiferromagnetism film is made into the 2nd flat surface, and the thickness 
of the portion of the 1 st flat surface is the thickness of the 1 st bias antiferromagnetism film. The 2nd process which 
forms the bias antiferromagnetism film which whose thickness of the portion of the 2nd flat surface is the sum of the 
thickness of the 1st bias antiferromagnetism film, and the thickness of the 2nd bias antiferromagnetism film, and has 
the level difference which has a thickness difference among them, It is characterized by having the 3rd process which 
carri s out membrane formation formation of the electrode lead layer of a right-and-left couple on the 2nd bias 
antif rromagnetism film, moreover, invention of this invention according to claim 12 A type resist is formed the cap 
layer top after deleting the resist formed at the 2nd process in the 3rd process of a claim 1 1 — a mushroom — It is 
characterized by having the 3rd process which carries out membrane formation formation of the electrode lead layer of 
a nght-and-left couple, moreover, invention of this invention according to claim 13 After deleting the resist formed at 
the 2nd process in the 3rd process of a claim 1 1 , so that a 2nd bias antiferromagnetism film and cap layer top may be 
cov red So that an electrode lead layer membrane may be formed and a part of cap layer [ at least ] may be exposed 
By deleting a part of electrode lead layer membrane at least, being characterized by having the 3rd process which 
forms the electrode lead layer of a right-and-left couple, and forming the antiferromagnetism film which has a level 
diff rence by the thickness difference on a free magnetic layer By obtaining the direction of the magnetization 
stabilized very much in the free magnetic layer, and forming a cap layer on the portion which has exposed the bias 
antif rromagnetism film further at least Oxidization of the portion which the bias antiferromagnetism film exposed can 
be prevented, corrosion resistance can be raised, and it has the operation that there is little property degradation by 
them and it can produce the magnetoresistance- ffect type thin film head of high reproducibility ability with high 
reproduction sensitivity with few nois s. 

[0020] Her after, th gestalt of operation of this invention is explained using a drawing.. 

[0021] (Gestalt 1 of operation) Drawing 1 and drawing 2 are outline explanatory drawings showing the outlin of the 
gestalt 1 of operation of this invention, and the transverse-plane outlin diagram which looked at drawing 1 fr m the 
head sliding-surface sid which counters a magn tic-recording m dium, and drawing 2 ar som transvers -plane 
outline diagrams of the thin film magnetic head s en from the head si i ding-surf a c side which counters a 
magnetic-recording medium. 

[0022] On the lower gap insulating layer (not shown) using the nonmagn tic insulating material of aluminum203 formed 
in drawing 1 on lower shield layer (not shown) made from soft magn tic materials, such as permalloy. Co system 
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r.t^m 0 a lil m |. gnet L C ^ ,m - ° r Fe Sy f em particle magnetic film. AIN. or Si02 grade The antiferromagnetism laver I IMiF. 
system alloy film which are material, such as IrMn. alphaFe204 NiO a FeMn svstem all™ film Ha f2 oil? V I - , Fe 
film The magnetoresistance-effect element 5 (MR element or GMR efement) ^hcn^d ™t L^l^™, a "° y 
3 and the fixed magnetic layer 2 made from the fixed magnetic layer SSoaSealv film ZT£ 
constiSLTTh*' 0 ' ayer i made fr ° m the Same *™*E«*> materia, a followTng and Sfp el "men - saline - it is 

SVl^dlayert *JKSf US* T^ 1 *? ° MR 5 ^^^^^^ the 

r0023?In S3£?l * a - ^"f n t hh ? OUp,e ,S fonmed on the bias antiferromagnetism film 8 

[0024] As for each heat treatment (annealing processing) to the antiferromagnetism layer 1 or the bias 
[0027] Therefore, it sets into the portion of the free magnetic layer 4 which is in contact with the hi a <f 1 

to apply the optimal bias magnetic field for a portion . (wS-o^etortinSLT^Sn f ?" ° f each P°^ on • asil * 3 
apply a not much strong magn tic field, since SS S t£wffi a s £ "°1 ^ m | g T. et,c ,a *? r i n< * to 

antifen-omagn tism combination of the portion^ IT mlgne^ay'^ 
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^3of^^ ^^^^o^^Z^T iS H Sma " B6COme t0 be ^ 

the thickness of a non-magnetic layer fi?mT th?KhlP«n!l^ ant.ferromagnet.sm layer very much, and choosing 
made to join together strongly in a^ferroma^etism the ZSJS. 'V , ™? ti 5« fi * ed ma g"<*c layer It can be 

of each other magnetization fbeco^lX^e^'^Z^2 i magnet,zat,on ^ strongly, and the direction 
is suppressed, and the ASSnTX^S^tl^^i^^S magnetic field by end-face magnetic charge 

r.rSa^.r.^^^^ 

(c), the non-magnetic layer 53 made from Cu X Tf^A F * V !, C ° Fe a "° y film - Next as shown in drawing 5 
drawings (d), on a nonmagnetic layer 53 Xe fr ee m «Z t - T 5*?^ '"'T^* c ' ayer 52 " Fu rthermore. as shown in 
magnetic layer 52, and the GMR 'element k" ^T* " S " g Same material as the fixed 
51. the fixed magnetic laye 52 a non-magnetfcTlyer sTLnd AeT«™« ^f* 10 " antifer ™ a gnetism layer 

the thin film is formed magnetic layer 53. and the free magnet.c layer 54 was carried out one by one by 

En^ /which constitutes the GMR 

alphaFe2 - the way which does not use metal oxwTmaterial TrE Wffi ^oweyer. depending on the case) 

.town in drawing 7 (b) A photoresSt i, hJ^SSiS? n< "r m »S" e "« ™f such as Ou, Or. or T,. and it is 

membrana 7 1 is shaved I oB 'atE andTh. if J5^S^?1 £ S d / V • t l h, " B ' * wrt of >e*<< lav«r 

insulating layer 42 further !!r. it «- Jk * ^ ls r formed us,n E the same insulating material as the lower gap 

magn tic material fcWtalS ° f ^ UP " Carried OUt USing sa ™ s ° ft 

reproduction is produced * ' magnetores.stance-effect type thin film magnetic head for 

the Istnon-malVetic flayer film BO^ ^l^J^Z^^^, ^aX^ ^^ting membrane formation of 
from Co or the CoFe alio ^ film such as ^ I rt filed J^^ i '"^"JK 1 "?» the n <"™gnetic materials made 

the n-th fr e magnetic layer film 913 (n is two „ ~ Z- ■ J < ' t 2nd free ma g"etic layer film 912. 

[0041] mor oyer, wh n the equipm nt wh.ch carries out .aminating m mbrane formation and forms the GMR element 55 
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at the 1st process differs from the equipment which forms the bias antiferromagnetism layer membrane 61 at the 2nd 
process After cleaning the upper surface of the free magnetic layer 54 by methods, such as a pulley spatter by Ar etc.. 
or efficient consumer response, as the 2nd process and removing an oxide film, a foreign matter, or dirt of the free 
magnetic layer 54 on top etc., as shown in drawing 6 It is more desirable to have formed the bias antiferromagnetism 
layer membrane 61 and to form the bias antiferromagnetism film 64 with th level difference which shaves off a part of 
bias antiferromagnetism layer membrane 61, and has a thickness difference by methods, such as dry etching. There is 
no mediation of a foreign matter between the free magnetic layer 54 and th bias antif rromagnetism film 64 by 
cleaning the upper surface of the free magnetic layer 54 at this time, and th joint magnetic field stabilized more can be 
acquired, without the joint magnetic field strength of the bias antiferromagnetism film 64 and the free magnetic layer 54 
falling, since very good adhesion and a magnetic combination are stabilized and are obtained. 

[0042] moreover, the 3rd above-mentioned process is shown in drawing 1 0 — as — the 1st flat-surface 62 top of the 
bias antiferromagnetism film 64 — a mushroom — the type resist 101 may be formed and membrane formation 
formation of the electrode lead layer 102 of a right-and-left couple may be carried out on the bias antiferromagnetism 
film 64 

[0043] Moreover, in the 2nd process and the 3rd process, as shown in drawing 6 (a) like the 2nd above-mentioned 
process as the 2nd process After forming the bias antiferromagnetism layer membrane 61 so that the free magnetic 
layer 54 top may be covered, as shown in drawing 1 1 (a), as the 3rd process Furthermore, as the electrode lead layer 
membrane 1 1 1 is formed and it is shown in drawing 1 1 (b) so that a it top may be covered Apply a photoresist and a 
part of electrode lead layer membrane 1 1 1 and bias antiferromagnetism layer membrane 61 are shaved off by methods 
such as dry etching. You may form the electrode lead layer 1 15 of a right-and-left couple on the 2nd flat surface 113 
of the bias antiferromagnetism film 1 14 with a level difference with which the thickness of a center section has the 1st 
small fiat surface 1 1 2, and has the 2nd large flat surface 1 1 3 of thickness right and left, and the bias 
antiferromagnetism film 1 14. In addition, before forming the bias antiferromagnetism layer membrane 61, it cannot be 
overemphasized that the upper surface of the free magnetic layer 54 may be cleaned. 

[0044] According to the gestalt 2 of this operation, a bias magnetic field strong against a portion (portions other than 
the width-of-recording-track portion of a free magnetic layer) to fix the magnetization direction to very strongly is 
applied as mentioned above. On the other hand, although a bias magnetic field must be applied in order to suppress a 
Barkhausen noise Applying the optimal bias magnetic field for a portion (width-of-recording-track portion of a free 
magnetic layer) not applying a not much strong magnetic field, since reproduction sensitivity will fall if a strong 
magnetic field is applied The magnetore si stance-effect type thin film magnetic head which can be easily controlled by 
thickness of the antiferromagnetism film of each portion is producible. That is, the joint magnetic field of a bias 
antiferromagnetism film and a free magnetic layer which carried out antiferromagnetism combination changes with the 
thickness of a bias antiferromagnetism film. Namely, the property that the joint magnetic field will be saturated if a joint 
magnetic field becomes large and becomes the above thickness to some extent so that the thickness of a bias 
antiferromagnetism film is large is used By forming the bias antiferromagnetism film which has a level difference by the 
thickness difference on a free magnetic layer Although the free magnetic layer which is in contact with the big portion 
of thickness on either side is combined by the very strong joint magnetic field, and the free magnetic layer is [near the 
head truck section ] in contact with the small bias antiferromagnetism film of thickness on the other hand and it is 
combined by the comparatively small joint magnetic field The direction of the magnetization will be turned to in the 
same direction as the big bias antiferromagnetism film of thickness, and the direction of the magnetization of a free 
magnetic layer which has the strong joint magnetic field. The direction of the magnetization stabilized very much will be 
obtained, and the magnetore si stance-effect type thin film head of high reproducibility ability with high reproduction 
sensitivity with few noises can be produced, moreover, since there is no influence which is not concerned with gap 
length, but has the same effect and this bias magnetic field has on a fixed magnetic layer in order to apply a bias 
magnetic field by the joint magnetic field with a bias antiferromagnetism film and the inclination of magnetization of the 
fixed magnetic layer by it is not produced, either, the magnetore si stance-effect type thin film head by which 
degradation of the symmetric property of an output wave was suppressed is producible 

[0045] In addition, by forming a cap layer, oxidization of the portion which the bias antiferromagnetism film exposed can 
be prevented, and corrosion resistance can be raised. 

[0046] Moreover, as for each heat treatment (annealing processing) to the antiferromagnetism layer or bias 
antiferromagnetism film which adds the direction of magnetization to each of a fixed magnetic layer or a free magnetic 
layer, it is good to carry out after a cap layer is formed, and before patterning of a cap layer, an electrode lead layer, 
and the bias antiferromagnetism film is carried out to a predetermined configuration and they are shaved off. Moreover, 
the heat treatment conditions of the bias antiferromagnetism film for adding the direction of magnetization to the heat 
treatment conditions and free magnetic layer of an antiferromagnetism layer for setting the direction of magnetization 
as a fixed magnetic layer must select each material of an antiferromagnetism layer and a bias antiferromagnetism film 
so that at least one conditions of magnetic field strength, heat treatment temperature, and heat treatment time may 
differ. 

[0047] In addition, by forming a laminating fixed magnetic layer, the leakage magnetic field by the end-face magnetic 
charge of the fixed magnetic layer by which the direction of magnetization was strongly fixed in the predetermined 
direction will be negated by the fixed magnetic layer film formed through the non-magnetic layer film, and an effect is 
to stop a noise. 

[0048] (Gestalt 3 of operation) Drawing 1 2 - drawing 16 are outline explanatory drawings showing the gestalt 3 of 
operation of this invention, are process outline explanatory drawing for explaining the manufacturing process of the 
magnetoresistance-effect type thin film magnetic head for reproduction, and are the outline cross section which mad 
it the cross section near the h ad sliding surface which counters a magn tic-r cording medium in resp ct of being 
parallel to a head sliding surfac . Hereafter, the manufacture method of the magn toresistanc - ff ct type thin film 
magnetic head for r production is explain d in order of ach process using a drawing. 

[0049] Lik the form 2 of the abov -mentioned operation, as the 1st process, as shown in drawing 5 (a) As material 
such as IrMn, alphaF 203. NiO, a FeMn syst m alloy film, a NiMn syst m alloy film, or a PtMn system alloy film, is used, 
the antiferromagnetism lay r 51 is formed on th lower gap insulating lay r 42 and it is further shown in drawing 5 (b) 
Moreover, the fixed magnetic layer 52 is formed by being made from a NiFe system alloy film. Co, or a CoF alloy film. 
Next as shown in drawing 5 (c), th non-magnetic layer 53 made from Cu etc. is formed on the fixed magn tic layer 52 
Furthermore, as shown in drawing 5 (d), on a non-magn tic layer 53, th free magnetic layer 54 is form d using the 
same mat rial as the^fixed magn tic layer 52, and th GMR element 55 by which laminating membran formati n of th 
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antiferromagnetism layer 51 the fixed magnetic layer 52. a non-magnetic layer 53. and the free magnetic layer 54 was 
earned out one by one by the thin film is formed. 

[0050] The 1st bias antiferromagnetism film 121 is formed using the antiferromagnetism material (however it is better 
not to use metal oxide material, such as alphaFe203 and NiO. depending on the case) of different species [ layer / 
antiferromagnetism / 51 / wh.ch constitutes the GMR element 55 on the GMR element 55 as shown in drawing 12 (a) 
as the 2nd process ]. The type resist 122 is formed, next, it is shown in drawing 12 (b) — as — a mushroom -- On the 
•!lr' aS j n . t, ™ rroma S n etlsm fi,m ,21 - membrane formation formation of the 2nd bias antiferromagnetism film 123 of a 
right-and-left couple is earned out using the same antiferromagnetism material as the 1st bias antiferromagnetism film 
121. It has the 1st flat surface 124 wh.ch is the upper surface of the 1st bias antiferromagnetism film 121. and toe 2nd 
fiat surface 125 which is the upper surface of the 2nd bias antiferromagnetism film 123 formed on the 1 st bias 
antiferromagnetism film 121. In the 1st flat-surface section, the thickness is the thickness of the 1st bias 
antiferromagnetism film 21 itself In the 2nd flat-surface section, it is the sum of each thickness of the 1 st bias 
antiferromagnetism film 121 and the 2nd bias antiferromagnetism film 123. and the bias antiferromagnetism film 126 
which has a level difference by the thickness difference can be formed. Here, the material of the 1st bias 
antiferromagnetism film 121 and the 2nd bias antiferromagnetism film 123 must be chosen so that it may differ in the 
heat treatment conditions of the antiferromagnetism layer 51 for the heat treatment conditions (the magnetic field 
strength, heat treatment temperature, and heat treatment time to add) for adding the direction of magnetization to the 
£nLo!f? e £ C y f i a fi ng t h f* rectio " of magnetization to the fixed magnetic layer 52. and at least one condition 
Moreover, the material of the st bias antiferromagnetism film 121 and the 2nd bias antiferromagnetism film 123 may be 
?JL h 7°™^*? ° f 3 differef * kind - as « a joint magnetic field with a free magnetic lay^r becomes 

ZLmZIZT* * X " 6 a "tf rromagnetism film 123, and it is necessary at this time to heat-treat on the conditions 
rnn.fi i Tu^o \ St b,aS antlf e"-omagnetism film 121 and the 2nd bias antiferromagnetism film 123 

10051 J as the 3rd Process it is shown in drawing 13 — as — a mushroom — using the type resist 1 22. on the 2nd bias 

ant.f rromagnet.sm film 123 of a right-and-left couple, non-magnetic materials, such as Cu. Cr. or Ta are used and 

l«r A ne /u m lS ,0n formation of the electrode lead layer 1 31 of a right-and-left couple is carried out 

LUUS4J As the 4th process, as shown in drawing 14 . on the portion which the electrode lead layer 131 of a 

lay r~14l"isfor^ed ^ ^ antiferroma e netism film 121 exposed, material, such as Ta. is used and the cap 

[ ?2.* 3 - 1 althou f h not illustrated, carry out patterning of the cap layer 141, the electrode lead layer 131 of a 

« c^u cou P |e - and the bias antiferromagnetism film 126 to a predetermined configuration, and they are shaved 
off. Furthermore on them, an up gap insulating layer is formed using the same insulating material as the lower gap 
insulating layer 42, further on it membrane formation formation of the up shield layer is carried out using the same soft 
magnet.c mater.als as the lower shield layer 41. and the magnetoresistance-effect type thin film magnetic head for 
reproduction is produced. 

i?l 5 ™ addition. * cannot be D Overemphasized that a laminating fixed magnetic layer or a laminating free magnetic 
layer can be formed, and a GMR element can be formed like other examples of the 1st process of the form 2 of the 
above-mentioned operation. 

[0055] The type resist 122 is formed, moreover, it is shown in drawing 12 (b) as other examples of the 2nd process — 
' S lUau "-T 5 K° m A~7 6 UPP = er . surface ofthe 1st bias antiferromagnetism film 121 is cleaned by methods, such as a 
pulley spatter by Ar etc.. or effic.ent consumer response. The oxide film of the front face of the 1st bias 
antiferromagnetism film 21. the remnants of a resist. After removing a foreign matter or dirt, the 2nd bias 
i!n£wZ agne i !Sm « r o? ° f a ri ^ ,t - and - |eft "uple by carrying out membrane formation formation on the 1st bias 
antiterromagnetism film 121 using the same antiferromagnetism material as the 1st bias antiferromagnetism film 121 
Since there is no intervention of a foreign matter between the 1st bias antiferromagnetism film 121 and the 2nd bias 
antiterromagnetism film 23. and very good adhesion and a magnetic combination are stabilized and are obtained The 
joint magnetic field stabilized more can be acquired without the joint magnetic field strength of a bias 
antiferromagnetism film and a free magnetic layer falling. 

eSl£°„f "ZTJUT 0thCr e SJT Ple l of 2nd PrOC . e i S f form 2 0f the a bove-mentioned operation as other 
JETSfl I f£ P ro ° ess When the equipment which forms the 1st bias antiferromagnetism layer membrane 61 in 

£f ZLl *Z I f erS tT° m ^ e ec ' u !P ment ? h,ch forms *• GMR elam ent 55 in the 1st process The upper surface of 
ff^l fT l ^ 54 ,s f ' eaned ^ methods, such as a pulley spatter by Ar etc.. or efficient consumer response 
fan ~ a ? 6 I Same , 3S tnat , of the 2nd process shown in drawing 12 , after removing the oxide film ofthe front 

Inn — Vl,r ee magnet,c ' av f r the remnants of a resist, a foreign matter, or dirt, the cleaned free magnetic layer 54 
top a wrap — |,ke — the 1st bias antiferromagnetism film 121 — forming membranes — a it top — a mushroom — 
it is better to have formed the type resist 122 and to carry out membrane formation formation of the 2nd bias 
a C,T°f r 'l a , ene u Sm 23 0f . a "Sht-and-left couple The joint magnetic field stabilized more can be acquired like the 
anTa frt^ WitH ° Ut ^ ma ^ C ™* ° f a bias antiferromagnetism fi.m 

«SP m , oreo 1 v ? r ;. the mushroom formed at the 2nd process as other examples ofthe 3rd process, as shown in drawing 

Ijj ta;, after deleting a type resist So that the portion top which the 2nd bias antiferromagnetism film 123 of a 

nght-and-left couple and the 1st bias antiferromagnetism film 121 exposed may be covered As the electrode lead lay r 
membrane 1 5 1 is formed and it is shown in drawing 1 5 (b), so that a part of 1 st flat surface 1 24 of the 1 st bias 
ant.ferTomagnet.sm film 121 may be exposed A photoresist is applied, by methods, such as dry etching, a part of 
may^e forced membrane 151 mav b * delet ed at least, and the electrode lead layer 152 of a right-and-left couple 

[0058] mor over, the mushroom formed at the 2nd process as other examples ofthe 3rd pr c ss — aft r deleting a 
typ resist, it is shown in drawing 16 — as — anoth r mushroom on the 1st bias antif rromagnetism film 121 — the 
type resist Tbl may be formed and membrane formation formation of the electrode lead layer 162 of a right-and-left 
couple may be cam d out 

ThlffrLi ™ t0 the f °,""u 3 °? *'* P eration - as ment ' ned abov like the form 2 of the above-mentioned operation 
The free magnetic layer which is in contact with the big bias antiferromagnetism film of thickn ss carri s out 
antiferromagn tism combination with a bias antif rromagnetism film by the very strong joint magnetic field The 

t c ?*Z w!iT h T 2atl ° n „ °k 11,6 fre u. magn6tiC ' ayer wWch is in contact with *" e smaM bias ant^rromagh tism film of 
1 1 u Stab,l, ?r e and be surtable * wards * sam magnetization as the free magnetic layer whichis in contact 
wrth the big bias antiferromagnetism film of thickness. On the 1st antiferromagnetism film with which ^ direction^ 
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the magnetization stabilized very much was obtained, and the upper surface was cleared hw ^rrw.w * 

ESS' -j5S t S* n " « 6 f6ml 3 r° f the f0ml 2 ° f *• above-mentioned operation - operation, after a cap layer is 
e?em!nt1« J?2 ? pat * ern,ng ° f a ca P la y er - an electrode lead layer, a bias antiferromagnetism film and Se GMR 
tr«tmi* k T ^ i° a P red ? te ™ ned configuration and they are shaved off as the 4th process' as for heat 
treatment which adds the d.recbon of magnetization to a fixed magnetic layer and a free ma^etic laver in fif 

L0062] bke the 1st process of the form 2 of the above-mentioned operation, as shown in drawing 5 the 

rnn C f !r° magnetism fi,m 1 7 1 ™V be ex P° sed *> right and left 6 1 St b ' aS 

L0066] In add.t.on, it cannot be overemphasized like other examples of the 1 st process of the form 2 of th* 

roOfiQl m„~^ ^ ^ 8 u adh r s,on and a magnetic comb.nation are stabilized and are obtained 

zmmmmmmmm 
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^m^no&^Zt P ° SSible t0 Ch °° Se materia ' ° f the C3P ' ayer ,?2 S ° ** the bias -tiferromagnetism 

mo ; eover - the mushroom formed at the 2nd process as other examples of the 3rd process — after deleting a 
type resist rt is shown .n draw.ng 20 — as - another mushroom on the cap layer 1 72 — the tvoe resist 20 1 ml f h« 
fnn?n, and ^ e 6le0t T de ,6ad ' ayer 202 of a right-and-left couple may be formed ^ 2 °' may be 

• £ ad J S,t " 3 '}- as £ or each . heat treatment to the antiferromagnetism layer and bias antiferromagnetism film for 
tllSil t T ° f m f g " et,zation in a Predetermined direction to a fixed magnetic layer a™a fr« ^rn^etTc layer 
film^nH thL y rMR d T S,rab l e t0 carry ° ut after a ca P is formed, and before patterning of a bias antiferTomagnetr S m 
Sr^^ h 9 ^ 'f famed out to a predetermined configuration and they are shaved off. It canntf™ 
°hf 3 by .* he h6at tT eatm 5 nt conditions (a magnetic field, processing temperature, and processing time) to 

the ant.ferromagnet.srn layer for adding the direction of magnetization to a fixed magnetic layer herrand tL heit 

that it is easy to be suitable towards the same magnetization as the free magnetic layer which is in contact with ihl hi* 
nl J^r m T h r ,S ": fi ' m ° f thi « kness °" *e. 1st antiferromagnetism film with which ffi direction "oflhe ' 
ET/t^ f -stabilized very much was obtained, and the upper surface was cleaned, by carrying out membrane 
aS^ma^m &ft 2nd an ? f lZ 0rnaene « Sm fi,m between *° ,st antiferromagnetism^ anTthe ™ 
d£Son ofX ZnSwZ* g °f d I* 68 ' 0 " and a , magnetic comb ''n a «on a re stabilized, and are obtained, and the 
fi m rrf^hiS™ !T ! Zat, ° n °c a free magnetlc ,aver which has the joint magnetic field by the big antiferromTfmetism 
time fa?. h£ fn 3 ^ Str ° ng an + t,ferromag ^ tism COmbination becomes what stabilized very m c MoZe siJce 
SET.nl % ? ant ' fe ™magnetism film to be exposed by preparing a cap layer on the 1st antiferTomagnet^rfirm bv 
?nd STSS^T meth ° d 13 S « arply reducib,e - Pr °P ert y degradation of a bias antiferromagnetism X Sn be suppressed 
sel£^ 
LUU / oj 

ti^antife^ magnetic field of the soft-magnetism film with which this invention is in contact with 

Er«#£rTh^Kj f as mentioned above The property of carrying out abbreviation saturation if it will become 
o4oaIL£!hi S \% fSn ant, tan;omagnetism film is large, and it becomes beyond a certain range is usedBy 
preparing the bias antiferromagnetism film which has a level difference so that thickness may be small I and thLn^ 

fib!^hll head truck The portion of the free magnetic layer which is in contact with the bias antiferromasnetism 
S comhTn J L P t°h °" ° f th,ckness Carr * ° ut antiferromagnetism combination with a bias antiferromagne^sm fflm and it 
LJ^v K VerV ! tr ° ng J ° mt ma ^ stic fi «'°- The free magnetic layer of the portion which thT^rectL of'the 
^ at 'f, a n^- ^ **? stabili ? ed ver * ™«*. therefore is in contact with ti,e bias^ntiferromagnetism film of 

to tumlin^h 0 " th,Qkne ! s a,so * the small joint magnetic field The direction of the magnetizrtioTS was ea Sy 

T me d,rect,on a * the magnetization direction of the portion of the free magnetic layer^wSh was 
M^?™ ' S r h cont * ct w,th lar & bia s antiferromagnetism film of thickness, and was^tabilize I is obtained 

X a Tf ant ^^ a enetism joint magnetic field of the portion of the free magnetic laye which ^LTn contact 

tJrh^f nt !^ ma ^ e t.sm film of the small portion of thickness is small. The direction of magnetization 'becomes easv 
Barren n^ e r agn n t,C ^ ,dS ^ * "^^ic-recording medium, and the effect that repreducTbmty abHi?y like a 
lenSJ but it ^^s and repr « duct '° l n sensitivity is high can be improved is not concerned with reproduction ^ap 

S35k h- t *^* Mt - Moreover, it has the effect that the magnetoresistance-effect type thin film magnetic head 
which has such outstanding reproducibility ability is producible. magnetic head 

[Translation done ] ~ "" - 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



2^5^£S^ the -V not reflect the origins, precise., 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
a^. T" •*»«~^~ «*»"• <*■«""> of th. tNn Star, ™«n«ic head sh^n, «h. , „ O p. r ., io „ of 

Drawing 5 ' ^ 1 • 



"Drawing 6 



.Drawing 7 



Drawing 8 



Drawing 9 



Outin! " K!! w aWmg s * ow ! n S* e Is* P^cess in the gestalt 2 of operation of this invention 
Outline exp anatory drawing show.ng the 2nd process in the gestalt 2 of operation of this invention 
Outline exp anatory drawing showing the 3rd process in the gestalt 2 of operation ofSZhZZS™ 
Outhne explanatory drawing showing the 4th process in the gestalt 2 of operation of this nvent on 
° Utl,np ^"rtory drawing showing other examples of the 1st process irTthe gesSt 2 of ^KJSfan of this 

g^jmOutline explanatory drawing showing other examples of the 3rd process in the gestalt 2 of operation of 
^gD^m Outline expiatory drawing showing other examples of the 3rd process in the gestart 2 of operation of 
Drawing 1 2 



invention 



Drawing 13 



Drawing 14 



^ing^Outline explanatory drawing showing other examples of the 3rd process in the gestalt 3 of operation of 
Drawing 17 



rnra win, ) ST fSf exp . ,ana * or y <* rawin e showing the 2nd process in the gestalt 4 of operation of this invention 



una invention ° "~ • w ' v k o,q '-'«" 

^slSin 0Utline eXp ' anatory drawin e showing other examples of the 3rd process in the gestalt 4 of operation of 
' Drawls U\ Vi? l™"'* Schematic dia & a ™ showing the conventional thin film magnetic head 
SSS^ShSSSS^^ OUt " ne d ' agram Sh ° Wing ^ — tiona. thin fi.m magnetic head 



51,224 Antiferromagnetism layer 

2 52,225 Fixed magnetic layer 

3 53,226 Non-magnetic layer 

4 54,227 Free magnetic layer 

r «9i?o ,% 2 J£ Magnetoresistance-effect element (GMR element) 

6 62, 1 1 2. 1 24 The 1 st flat surface 

7 63,113,125 The 2nd flat surface 

n % 1 J2' 126 - 175 Bias antiferromagnetism film 

40 Substrate 

41.21 1 Lower shield layer 

42.212 Lower gap insulating layer 

61 Bias Antiferromagnetism Layer Membrane 
71,1 1 1,151,191 Electrode lead layer membrane 
91 Laminating Fixed Magnetic Layer 
93 Laminating Free Magnetic Layer 

!2! : - £V 6 !\ t63 ' and 201 a mushroom - type resist 
i ol J 1 antiferromagnetism film 
1 23 1 74 2nd bias antif rromagrietism film 
214 Vertical Bias Layer 

216 Up Gap Insulating Layer 

217 Up Shield Layer 

III sistanc -Effect Type Thin Film Magnetic H ad for R production 

220 Eduction-Type Thin Film Magnetic Head for Record 

221 Record Gap Layer 

222 Up Magnetic Pole 

223 Coil Coil 
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229 Reproduction Head Gap Length 

901 1st Fixed Magnetic Layer Film 

902 1 st Non-magnetic Layer Film 

903 2nd Fixed Magnetic Layer Film 

911 1st Free Magnetic Layer Film 

912 2nd Free Magnetic Layer Film 

913 N-th Free Magnetic Layer Film 
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[0 0 1 4T : *fcJ *%Wcb»KamA;-v H©«ii.^ 
50 B/^atteR^^U-K^MSria^a^^bT. 58 



• . 7 

§I©SB 1 ©¥B5©<l>fc< t t>-.BS#J«iBr*«t-5K:. '> 
fc < i t>«*.'J - K«K<Z>-.ffi«|*||» LT, fefe-» © 

fc. ^BHOftKaft^ HO«ii*ttfi,' AW T 'XK 

K. SffiiJ - bmmRWU 7*K§WKtt«K©** © 

»K©±jii*IB 1 ©¥®. fi£KB#©A*<TXR^fi8ttH 
M©±p^2©jp®i-r-5)^iP|ltc«J:-5S|ie#-r-5 
A-f TXS^iStt^SD:/N-< 7*£&SH4)g|©JB 2 ©¥ ' 

**1xTfH*. ^^©^MSS^;^ K©Sj§^ 

. WA'-f T^S3ft«tt«**BlC. ' SB 1 ©AW 7XSM • 

«£W r^R^m^mmk^ m 1 ©;h7xs . 
ftrntemtimmix^z^mzm i.©¥S. $ 2 ©aw 

7X£^K&|g©j-®£ai 2 ©¥ffi£ L/,\a-p. ii© 

¥B5©gB^©K*«p 1 (o/u TZK&m&mcDmm-c 
$> 0 , .m 2 ©¥s©gB^©^«m 1 ©aw TTsfcsm. 
nm6^tm2<D/uT7.R^mftm<Dmmt(D^iX' 

ft** «^'u;'f' 1 T>'k'sii««Mic!)± aiic*ffl 
.bfi^Cr. sb 1 ©/K-r Txs^jstta©jiffi *' 

■ * &&-#©SB 2 ©AW 7XS& 
LT<^-5_hjf^ 1 ©¥®. ^ 2 ©aW 77WM&>&m 



4$HB200 1-2566 17 

8 

-f-5fB2©Xg£WLT^.5. £f c . *9SH0i9jRB9C 
^-y.K©Hifi*jS6tt, Wt2SB2©Xg{;:T»jfcLfcl^ 
7> h£M»Lfc». Ilffl/H 7XS^fi8ttl^©^aiL 
fcSB#»:Z*£;fr-;fcf ©JB 2 ©AW 7X5SIttI©±$ 

■J-K)is:^-rsm3©xes#L Tt ,^. ^ 

10 f&Lfel^x H&BdlfcU&fc. H©/H7XgSBtt 
g|<Oft 1 ©¥iif©±lc, nmuvz H^^fiELT. 

' S. *^W©»lKp^y K©Sjg>6rj£t±. 

*tt^H7X5««ftI©±lcM$'nt£S-» 

©«su - K»&tx/w T*5i%Lmtemom 1 ©f ®© 

20 figlKUT. a»efit^*^^^^fi£t--2>m 1 ©X^i. 
7-U -«ttB©±*ai5 cfc O \ZW, 1 ©AW 7X5Sltt 

p i ©A*<7X5Sfi«ttlK*iS6B-rs«fc5{i, ^7i< £ 
fc*r^Ji©-gB£B'JOiSO. ^©±jc. ^-^© 
m2©AW7XS^SattP^J5Sc^fiEL-T. ^t7/I 
IC^Lfc^ 1 ©/\*< 7X,K^tt^©XffiS:m 1 ©¥ 

10 ttttttfltoRjPTft 9 . m2©^S©^05^«mi 
©AW TXS»«ttg|ogUP<tSB 2 ©AW 7XS« 

k©rjp <h©«jT*o. *n *> vmizmmmz wr §t 

^2©/H7XS«f©±(;, as*-»©«|ij- 
KS^fiK^J5)c-r^m'.3 ©Ig ii&W LTtiS. 
*%B^ W }Sf 1^{8«^ ; K©«jft^rtttt. IB 2 OXS CT 

i^-/7l-$MLT, £#-*f©mffi'J-KJf £fiJc£i 
^fiE-r-5m3©XS*#LTt^. Sfc, *»^©«flK 

'S»X h^B'J^L-fe^, ^2 ©A<7XK^®tt^&0C+ 
r yye©j:*g5J:5C. ««'J- Kep^Kb. 
+r •>7®©^<<»:fe-gS^{i}-r-5«t^»c. 4>7$:< 

'J-b*®^^i5E-r^m3©XS^WLT^-5. 
CO 0 1 5] C©^i4tJ;oT v KfflgtCtsaHS* 

-r-ss^fiBtt^^ .7 u -m&®<D±izmi$?z> z. t t«fc 
ji © v^vzm&tt\mv>nm iz^/^7xm^ 

*nt, A;^A^i?>y^x€«r*£fc#fCAW 
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/UTxmftZfrttz z. tav. ^n^-'n©2B#©jk§£fi8 

^tt^m#(Cj;-r)T^^n-5^. ^©6Ht;©7jfS] 
Mttl t^ 2 ©£3£&14ffil©P B lT. #«tC 

B&ttfcrfiUiU. ^nt>\z&z>&'&95fctf>pu^. 

[0 0 16] 

^bTlBtCffi^^Sl^^rb. SijfEBfa&irE^JJiT 30 

«e>©«& >j -• k ji^ e tez>m%&in%bMkMmmm.i§.^ v 

Klc*tvt, K&BSttH, @5©B&tt«. leSSttigmilR 

.fcSgM©** m i ©¥ffi<h 1(1 2 ©¥®£^-r£A-f 7 
t^e, ft*«j«'**rr -5 1 :t bfc 

fc©T&9. *^W©lf^2tr^<7)5gBjfi 1 
ig|J¥©/J>£ ^miOTffiSr^fig-r * A-f 7X5^«ttI 

kj;4^8#^ 8 k A/m £TF (1 0 OOe 40 
AVU ^ A > J -f X&m?LZ> fz *6 £ A-f TXfimZfr 
^h^ti©gB#©s&ffiil8l©®IJP 



. 10 

0 . ^©/ca6. mmv>'i^ 1 ©¥s©a&#©jE3ifi& 

<D¥Bo«»©SSS«iltBIK:»b-t«r»*7 U -8ftlro 

±&'>tt < , ft < . S£tt£££jeffc)*-B:* 

■ 'd <h «fp*'*v S it . E»8t'ttR i ik-^T 

TH«©»***L r *0, COA-f7X8»*«H£B 

ssfca^r t «fc o t, RssBfti^i 7 u -rm&m t 

[0 0 1 7] **W©BI*3H3KE*©f!Mtt, 
<D±&m.o£olz. AWTXS»«ttSIK*fiK!»bfc 
2 ©X8£. A-^T7vS^JSSttP©±^S-5 

1 < <t h-mmta-r z> ^ d tc. 

s 'J - h m z> w, 3 <d xs t z z. t at; 

H^«, m^m.3<r>W,3<DTM\Z^X. /H7Xg'«8 
1 ©jpffiitC^SU^X hSrP/SbT. A*-f T 

/t. *5g^<o«*Ji 5 iz$s,m.(o^mit. w*JB3com2 
5 «t 5 c. A-'f 7XRa««fejiR*i«8fra* 2 ©xe 

Vtz'tik. >t-f 7XS^ettBK©-SB*iB'J05tenTS 

^©^^©-SB^giJI^UT. HiJ»$tlT8ttibfeA-V7 
XR^tt«^©±Si*m 1 ©¥B, *i9*0/t-f 7X 

m&H-T % A-f 7 7. E9ftBH£lt&tf/ Vf 7XSi8ttI 



( 7 ) 
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©Sg 2 ©¥B± , c£*r-2t©m<I 'J - h*/I £fl2sJt-t 

fc. *RH©n#«6i::Gtt©9B91f;S:. T&¥w7& 
»H©±IC. R&S&ttH. HfcfiBttli. *«tt»R^7 

errs* i cut. i«ft*B»**?s«aTS7 u -• ■- 

-fiBttJf ©-L£?g:5 ckplC. JBl©A-f 77.K3iiffi4il 
Xh£*fiKlxT. fc£f-*f©Si!2 ©A*-f rxEarateR 

*j«k»i*u miww Tz.R&ammo>BmLx» 10 

l©/W7*E»«tt«©W»T»0. fg2©spffi©S8 
ft<nmmi*& 1 ©/H TXSSfeBttKOIUP&fll 2 ©A* 

i2©Igi, Jfl2©A'-Y7XES$gH4IBI©'±tC. fe^ 
-*J©WJ-HJB*j*jK»j«-r*Sl3«)XS<!:S*rr 
5Ci^#f tLfcfe©TJ6D, *^©ifjj<^ 
8 KEI8©ffill!tt. »*5l6 0JB3«)IfiK*iHT. If? 20 

-f 7XKf&lttfK©ftUi Lfc8P#&tf;£&-;tf ©S§ 2 © 
AW7XR&fi8tt$|©±£iI : 5.J;'5lc. SS'j-KSP 

tfmtii?2>£.?iZ> 'pfr< ife««U-KJiil©— as* 
iitt, £:&-»©*« U-K*£#j-rr&SB 3 ©X 

©lf5lc^9lClB®©^«. W*^6©^3©X^tCfe 
l^T. ^©XiglCT^J'&Lfcl/v'X K*giJ^L7tm. 
SSl©A-f 7XS5fi«BM4K©mi©¥ffi©±JC SSI/ 30 

mswxe^-r^ci^mibfcfcw-e^o. #*■ 

< fl8ft^r(S]Sr@S L,fct>8B# (7 U -fi&ttli© h => 
y£Mto££lft©flS#) KMIH/W 7X«Ht**Ht. - 

(7 U -fi&ttH© h 7 •;/ ?*I7i|6]*i*lg» icilft/H 7 

Ttt7 U -«ftpHKJP©/h$ ^E&iBttlgifcJg LTi3 

-E-©«fk©*(fij«; K*©^#^RaHKttKt»^ 
K&mii. H£> ic J; 5 £W l/T^57 'J -fiBtt If 

©e{k©75(6li:l^i;75|6]»C|fi]< CtlCftt). 50 
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Lfcfi8{fc©#fta { f#<E>*l. /-fx*©4>fc^. fS±!S5S© 

[0 0 18] £7c, *%^©iiJjc^7lc|B®©%^ti, 
IS^6©m2©XSlC*5tvT. ^)S6i5?Sm*^**ll 
^■T^7'J-fi8ttll©±$rSpJ;^tc. ?gl©A*<7X 
58«KteBI£Ji£lgL. SHI ©A-f 7XR3£«B£I»©±® 

©±®€r^'J-^>ybfc«:. fefj-*f©SS2©A*-f 7 

©gaLti-^is^iiwfi, 8§2©a*^7xe5$ 

HtIffl±B*l2©W«tL, mi©¥ffi<hfS2©¥ 

ffi t ©r^ icn^MtCck sua** s A'-r tx m.&mte.m 
#c s-jfe l itm.it<D^s mm s n'-s n 1 k & o . m k . 

±ffi*«^!J-=>^nfcJBl©K»«ttBtOJ;fc, g§ 
2 ©5^«ttK7&^Sg^(£$n-2)fcJ6, Sg 1 ©R§£i814 
•t£*2©jE§a«ttgt©|l||-c?. ##K:A»>i«»'tt*«fc 

©^ripj^fifJc^bfcfewt^O'. 

[0 0 19] *%Bj(Dgf^]ll 0{ClB«©^ 

eMs-g-r-sA-'f T7,Kmmkm<D±.itMft.zntz 

<Dmm U - KHRtfAW 7XEMttK©« 1 
©¥®©^tUL7ta5»©±*a^ci;'5lc. ^r^t/JBS' 
^BKT-5fi4 ©x^^^-r^. c: t^ifet bfcfc©tf* 
0. Sfc, *^W©iS*jrai lfClB®©^HJtt. TSU^ 

v^7^^©x{c. fc&m&m. mjtm&m. 

m^*^-r2>mi©Xg<i:. 7U-attB©±*«3 
«t-5frmi©>W7XjE^ett{g*^b. HJc. -e© 

±{C*S!kS>X, h^-^UT. il©A-f7X5a«tt 
^gttJ-r^>J:5tc. ^<t : b+^-y7^©-gS*gU 
0^0. -?-©±(c. «©^2©/\*'f 77.S^tt 

S^fi8it^©±®S-m 1 ©¥®. B2©/H7Xg»a 
ttfK©±®<£^ 2 ©^PiSt L, fll©¥jg©gB# 
©RJ¥«^l©/W7XS«fiStt^©^ipTfeO, 12 

©¥"s©ss«-©^p«m 1 (D/UTxfcftm&mvmm 
tm2<Dn-iTXK&m&i&<Dmmh<D%iT&r)> 
e©ratcKiP^srw-r^&ii75i*.5A*'r 7^s«itti 

S«t5«2©Igi, m2©/\'-f TXS^KttR© 
±IC. £*-^©SS'J-H@*)6£^fi)c-r^m3©X 
St*-#-r^^<hS:!j#®tbfcfc©T^O. £tc, 4c9B 
W©It*^l 2»C|B«©%Hfl«. K**l l©|g3©X 
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j&v** ©«<g u ->p*iaEBt»ia-r*fe 3 ©is** -r 

1 3C8H«.©K*». ■t*«i-i©»3'oie ; K*w 

7*fiMWMIfttf** y :/» ©±£H? «fc 
>tc. i«U- 'HIRtjnU *V 7 7 , I©'M< £ 

t>-8B#«m-r s«t 5 c. < £ ferns u - kbbi© 

iWt<b3^)*<# ^nSCtlCftO. SEIC; ^fr < £ fe A 

Jl £ CiCtst, AW T X SaMSttRO.* tB 
Vtzffifto>mitZ&i± U »**fe*i&J±$:tt-5 it^T 

[0 0 2 6] £tT> *f!!9i©f«S©Pf»{;:o^T, 

[0021] (Mtoffiii 1 ). 0 i.&tfB 2 «, 
<D&m<DBm 1 <D«tg*^T«ti»si5iB^0T . m. i \tmss. 
&mmmzMftTz>'\v ^m»ma^M.itmmimm 
ism E2 it&fsMmmmzttm-tz^y vmrnwrnfr 

[0 6 2-2] 11 A— TD'f,' CofJiil' 

'tut a 1 2O3, a 1 N^^tts lOzmti&m&itemt 
m*m^rcTm*y v^i^m m^i±?) ©.-tic. 1 

rMn, aFe204, N i O, FeMnfMl. P t 
Mn*^If©#Rt*?.SSltti 1, N iFeS 

&&m. co', cof e&&m^&timt-tz>mfe&te 

12, Cul?*^ < i:-r^*attB3B:^a^ J SttS2 

<t ra«©&s&tt*m£ tm t r-s 7 u -fiittB 4 tame 

^nfc6S^SfiTiS!l*^5 (MR$flt>liGMR^ 

ic,- GMR*f5 : *mik&*x±Miz -&&m 

4 © _LE lc . fiUPfttjlft * Ct'lri o tl 1 ©3% 6 S: 

[0 0 2 3] 'i!S < ^-jiJ©tSU-Ki9isiff;H7 
XS&fiBttgt 8 ©gffl LT^5g8#©lblc; T a *S©# 
UT*t -y/s 1 0 «AK t J A-f T 



• . 14 ... 

.. [0 0 2 4] H««ttil2*^tt7U— «tt»4»*-^ ■ 
C«{t©*l6lS#Iin.r*S!§l«ttii 1 t^tt/H7X5 

v -fm\ 0 *sisESntI. fyT'ilp. «I 
'J — HS 9 RtfW 7XSi«ttI 8-)5«Bf$©»tttC A" 

10 «. m%-<n&2 . j»»aiaaE2S:«ji*ffl3ii*iw©-^&.< t 
• xs^jstt^ 8 ©** <Dm*&m& xjis.kwsiJt. e>& 

. [0 0 2 5] i^H4I2ll E9fepttJk.l iaKESi 

Y*f6] (SfiWtcaMWyjft) -fc3ft< H3feSihTt>*. ffi 
2f. '7'J-fiSttB4(i, -€-<0JiBlc**Wil36'li±*a: 

20 (h7-yi"ll*|6]) (CJfe-£.«t-5(C^b^tlT^?)^, A* 

« 1 ©SPB 6 CDg6»cr)/N*'-f 7Xg»iBttR 8 C»iTt> 
"57 U.-«ttB 4 <D&ft t . BUP©*# «r : »JB 2 ©¥® 7 
<!)»»0/H 7XS*«ttK8 fc»l/tlr>i7 iJ.^HBtt 

30 tC<t 

[0026] B3'H7U -mvkmKfrfr$t$&&R<z>& 
icit«LT/hs ^n^ifin^ttvm%\z%< a* z. 

8 kA/m£(T (1 0 OG.eOT) 

[0027] SEt>T. ^iPw/jN^^miw^ffie©^ 

© /if TXS^tKti^ 8 (CftbTU^^U — 4 © 
*»'ti*V\T. A-f TXk^ttKcomi©^®©^^ 

40 j®mmik&7y -mitm\zm^<D^w^^^m^m^k 
f»tU : am 7xk^®ttfet^i©¥®©;gc»©7 u 

-attg i©si®ttie^lC<t «ltftBJf«>. 8 k A/ 
m£AT ( 1 6 0 O e UT) fC^ii 5 fCf-S C £ tC<fc o 

[0 0 2 8 ] ifi. GMRif S ^^fig-r^H^ttB 
2»V H2 (a) KiTfrtk^iz'i k^«ttBl©±.{i. 
II ©B^«ttBBS 2 1 , 2 2 12 ©@« 

BttfR 2 3 *ifl!H^^ $ ttfe'«l«*#UTtVi|0i H 
50 ^JKi4S2 4T&oT=b&t^. t©P#, Il©i$«tt 
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JUR2 lWS2ffll^Ittlg2 3 ©P^tC^-ftf 

mamm2 2<Dmmiz£->x. to#«tifis2 2£fl- 

[0 0 2 9] Sfc, GMR^5^fiE-r-5 7'J-JKtt 
i4i0 { . 12 (b) IC^T«fc5«C. 7U— fiBttJf4 £1^ 

7U-«ltfl2 6, Sn®7U-ittii2 

[0 0 3 0] w. ***o*i8itc*^T. mm.tg.ffi® 

[0 0 3 1 ] «±OJ;3lC*||JScO^|g l {C«fcn«, # 
< ffiSfcTjfaSrHJg LfcUSBft- (7 'j -«ttl« h 

/W9/\W>/<1 XZWUZtzftiz/^yXm 

W^€r^m2CDiF®(D8C^»R^ett^{C^LT^.5t7 
•J Ji fC fi , 9ft t>£iM8ttJgd \z «fc *#tff 

^«»*VjN$<T i b. 5££LTIPJP<Z>;*;#£ai2<D¥ 

&&w*>mm.mmm&fr*>(ommz<iL-DT. *rv>m<t<D 
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[0 0 3 2] 3tfc. «JBHS«ttJBfc-r*n£lcd;^ 

3CJEU to, *«ttH^©lgSJS*iga^«HT»^w 
<ttC«fcoT. 2MBttga£^UT#[6]T*2 0C!)Hj£fi8 

■tl «ft©*iai*tai<.H«an. 10, *se».©'»fb© 
*faAW<ojifti l z&^xmmmffi\z£zmnm&wmz. 

10 [0 0 3 3] (3teB©»»2) H4—BJ ltt#369|flD 

mmmwmx\ mmmmmzttft-T&^y kjimbo 

[0 0 3 4] B4Ki*-rj:5tc. A 1 T i cm^Umt 
lstc&&4 0<D±.lZf$,m2tl. M-7D-f, CoIJt 

20 »*JM*tr*T»S'- 1 »UKJl4 1©±ICA 1 2O3, A 

r v -xmmm 4 2 sseits,' 

[0 0 3 5] jfcte, MIlOiatU'T. H5 (aYteiR 
1\fc34C. T«**y-7IMM4 2fl!>.hK, I rMn. 
aFe 2 0 3 , NiO, FeMnl^l, NiMn«& 

SEIC 0 5 (b) (c^f J;-5fc, ^© 
±tc. N'iFe^I, CogcWiCoFe&M§ 

s»»iLTijawti5 2&i&m-rz>. x.iz, ms 
(c) ix^-rct-stc. mizm'&ms 2(d±.\z, cu#? 

«^<t-r^*fiStt^5 3 MK» 12 5 (d) 

f'^TJ; 5 (£. ftm&m 5 3 «±(c. SJgfi&ttJf 5 2 i 

tt*5 1. I^Sii5 2. KBtlimS 3RZt7>)-m 
14 ff 5 4 AtffMTa^CfiUitfR ^ nfe GM R 5 5 £ 

[0 0 3 6]I2OIgtl / T. 16 (a) fC^T J; 3 
(C. GMR*f 5 5©±tC. G'MR^f 5 5^^ 

J:oTH. a Fe20 3 . N i 0«OKfb^«*f»»4fitte 

fiKI^L/t^, 06 (b) JC*T±5tC, GMR3gT5 5 
S^A'-f7XSai8ttili6 1 ©BSf^gSgp^^ K h 
5vi?m*:Bf$.-rZ>&ft<D&mzi3^T> y^VV^T. 
hSr^LT/\'<TXK5iattffl^6 1 05-g|5* H7-f 
X y ^ > if^(D^m Kcfc 9 8"J 9 It 9 . Hi] 0 «f e tlXKiP 

nx^^^^©>:#^m2©i|zaD6 3*#-r-saMcD 

6 4 £Jgfirf -5. 
[0 0 3 7]«3©IgtLT, @7 (a) tZ7jk?&? 
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\z, cu, c rm^tT amo^mmmtm^xmm 

»J - KHIg|7 l&&&.<n&ZJU 7XSSiHti 64© 

±:\zfS.mt ? @7 (b) (c^-ripjc, a^txs^«s 

^>y#©*StC J; 0 . d>ft< £ *>®ffi 'J - H-jfeilK 7 1 
W-fiSfc&JOflKoT,' fe&— U-FJi 7 2SrJg 

-*t0«ffi'J-b*Jl7 2&tfA*-f 7XK&«ffig6 4© 
II (DW-m 6.2 ©-^©^ffibfcgB^CDitlCs .Taf© 

[0 0 3 8] jfcfc^ mfFilstzptfl; *fy/18 1. £ 

&mjk<DMmz/nf> - - >if LTBu o i&o. ^-n 

[0 0 3 9] ^cO^lCDXetbT. 09 

(a) iZTxTZSiz. v-71foB.m 4 2©±(c, 

J53iH8ttjf 5 l£f£IIIU JEIC^-Oiic. N.i F e«§ 
&K. C o-*'l»ttC o F e-&<&mm$:ttmt VtzWi 1 © 

©#«ttjf bi 9 o 2 .• j» i ©H^ettsse 9 o 1 1 mm 
©w^ffl^fci2ffli^iittii9 o 3 zmxmmis. 

lit. «iatltti9UMU. ^-©±13. Cu 

mzmmt?z>#m&m 5 3Rtfii ©B^fiSttJUgg 

0 1 §©$J»t^fo»»*ffl^fc7 'J-lttl 5 4* 

[0 0 4 0] .$7c. iWy!©$gl©Xg<hL-T, 0 9 
•(b) ic^Tiotc. Titt** y ^JftHW 4 2 <D Ji£. 

fcmm&m:5 1 > 5 2 Rt^atte 5 3 

MIL, MIC. ^©.tfCSiS 1 <£> 7 0 -&tt/f l& 9 1 

1. »2;©7'j-«tt«gt9 12, mn<t>'7>) 

-m&mm9 1 3 (nte2£(±©IE©g») Srlil^fflS 
fiEHUT, «17U-H4I9 3S;ML<T, GMR* 
? : 9 4*i«btfcfiK 

[0 0 4 1] $gl ©Xg{£T«Jf JfcKLTGMR 

^ 5 5 2 <DHm\ZX;U 

mitmm: 6 1 ^^mr % &g#s&*«£ ictt. fg 2 © 

Iltbt. 7U-lHtp 5 4<DJiE«Ar^lC < i:^.^ 
•J Xn«^StiBE C R^(D7j^lCj;t5Ti7 U >^ 
U 7 'J -a«g 5 4 ©±cg©fe{klBI, S^HtefSn 

%**o'i»v»fc«; 0 6 iZTjkfj: 5 \z. rk'sam 
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